Date palm has a long history of cultivation and a valuable germplasm with little knowledge about its genetic makeup and variation among the most cultivated cultivars. Diversity is the variability of a species. Plants show variation in yield, vegetative traits and morphological properties of fruits and seeds in response to environmental changes. Molecular markers or DNA markers have been in use since past three decades. The DNA profiles give information about the genotype, screen the whole genome and show variation in both the coding and noncoding region and hence give information about polymorphism. Since plastid genes are transferred mostly from the mother line, the identification of maternal lines is possible by the sequencing of plastid genes. Simple sequence repeats (SSRs) can detect length variation with the help of Polymerase Chain Reaction (PCR) and may be used as highly informative genetic markers. Single Nucleotide Polymorphism (SNPs) are the third generation of molecular markers. SNPs are more stable and have high fidelity of inheritance as compared to other marker systems. Molecular markers have been developed but they are not enough for sufficient diversity assessment. Therefore there is a need to increase the number of DNA markers in date palm. Previously, there are several studies to type various commercially important germplasm based on morphological or yield parameters. Morphological and biochemical markers are limited in number and are affected by environmental factors and growth stage of the plant which reduce their reliability in the assessment of diversity and characterization of the germplasm. This necessitates the use of genetic characterization, utilizing DNA markers, gene sequencing or SNP genotyping which can work independent of the plant growth stage and are not affected by environmental factors. A combination of morphological, biochemical and molecular characterization of the date palm cultivars can better assess the level of diversity and relationship among the cultivars.
Introduction
Date palm is a monocotyledonous and dioecious plant. Date palm culture is important for its nutritive, economic and social value in the arid and semiarid environments of the world. Being out crossing in nature the tree presents huge diversity in cultivars with separate male and female plants. Female trees are mainly important for their nutritious fruits. Date palm has been cultivated since 5000 years and there exist almost 3000 varieties of date palm in the world (Jain et al., 2011) .
Diversity is the variability of a species. Plants show variation in yield, vegetative traits and morphological properties of fruits and seeds in response to environmental changes (Jahromi et al., 2007; Odewale et al., 2012) . Diversity in a population, breeding line or germplasm accessions can be analysed on the basis of pedigree data, agronomic traits, morphological attributes, biochemical data and DNA based molecular data. Assessment of genetic diversity is important for genetic variability analysis of the cultivars, identification of the parental combination which may provide maximum diversity for selection, introduction of the desirable genes from diverse origin into the existing germplasm and in the identification of varieties for their protection (Muhammadi and Parasana, 2003) . Genetic diversity measurements can be used for increasing genetic variability in populations that have high level of genetic distance as well as to introduce the foreign germplasm .
Genetic diversity in date palm may be the result of dissemination of the germplasm with human migration, human selection and clonal propagation (Chaludvadi et al., 2014) . Commercial cultivars of date palm have been disseminated by offshoots from oasis situated in the center of origin and diversity of date palm in lower Mesopotamia and eastern Arabia. Cultivars propagated by offshoots are almost similar, whereas the less important and non-commercial cultivars are a result of seed dissemination. Adapted cultivars are a result of natural and human selection. Human selection is based mainly on fruit traits and resistance to biotic and abiotic stresses. While non-commercial cultivars propagated through seeds have also gone through natural selection (Jaradat, 2011) . Human selection of cultivars is made on the basis of fruit traits and resistance to biotic and abiotic stresses. Whereas non-commercial cultivars which disseminate through seed go through natural selection only (Jaradat, 2011) .
There was no model descriptor for date palm until 2006, when Rizk and Sharabsy proposed a set of descriptors for date palm. The descriptors included parameters of passport data, ecogeographical data, management and characterization data and ethnobotanical data. Management and characterization data included vegetative, fruit and seed parameters, inflorescence traits, molecular markers, biochemical and cytological parameters (Rizk and Sharabasy, 2006) .
Phenotypic markers of date palm such as leaves, leaflets and spines (Elhoumaizi et al., 2002) , offshoots and inflorescence along with isozyme markers (Azequor et al., 2002; Salem et al., 2008; Hammadi et al., 2009) , fruit morphological traits (Markhand et al., 2010) , inflorescence, fruit and leaf along with molecular markers (Hammadi et al., 2011; Al-Khalifah et al., 2012; Haider et al., 2015) , and seeds have been used for the characterization of date palm germplasm. Similarly, Rivera et al. (2008) studied 45 qualitative and 37 quantitative characters of date palm in the Western Europe and Eissa et al. (2009) studied 77 morphological traits for differentiation among soft date palm varieties of Egypt, but these markers were not sufficient to distinguish among the closely related cultivars before fruiting. For clear demarcation among the closely related cultivars, a large number of phenotypic characters need to be scored in plants which is very laborious and time consuming. Moreover, the plant needs to be grown up to its reproductive stage so that inflorescence, fruit and seeds should be scored which in case of date palm takes 5 to 8 years (Al-Dous et al., 2011) . Morphological markers have certain limitations. Firstly, the variation among the studied plants is not sufficient, secondly there may be biasness in the data collection and treatment of plants and thirdly these markers are prone to the variations caused by the environment (Nybom et al., 2014) .
This article reviews the utilization of molecular markers for analysis of genetic diversity and development of an identification system for date palm cultivars based on molecular markers.
Molecular markers
Molecular markers are genetic loci that can be easily traced and measured in a population and may be associated with a particular gene or trait of interest. Molecular markers or DNA markers have been in use since past three decades. The first reported use of DNA polymorphism detection was the construction of a genetic map through Restriction Fragment Length Polymorphism (Botstien et al., 1980) . DNA markers are preferred over biochemical markers due to their high quality and high information content. The DNA profiles give information about the genotype. They screen the whole genome and show variation in both the coding and noncoding region and hence give information about polymorphism (Jehan and Lakhanpaul, 2006) .
Techniques used for the detection of molecular markers are Amplified Fragment Length Polymorphism (AFLP), Rapid Amplified Polymorphic DNA (RAPD), Restriction Fragment Length Polymorphism (RFLP), Simple Sequence Repeat (SSR) markers and Inter Simple Sequence Repeat markers (ISSR). DNA markers provide information on the similarity or diversity of various clones and varieties which can be hardly differentiated on morphological basis. These markers have been used in date palm for the assessment of similarity or diversity of various clones and varieties that are difficult to differentiate on the basis of molecular traits AFLP and RAPD being the first generation of molecular markers have been used alone or in combination with other markers for diversity assessment in date palm cultivars (Cao and Chao, 2002; Diaz, 2003; Adawy et al., 2005; Jubrael et al., 2005; Al Essar et al., 2005; El Houmaizi et al., 2006; Saker et al., 2006; Soumaya et al., 2011) . RAPD markers have also been used in date palm by AlKhalifa et al. (2006) , Rawashdeh and Amri (2006) , Rani et al. (2007) , Al Khalifa et al. (2012) , Mirbahar et al. (2014) and Yousaf et al. (2015) . ISSRs were used by Hammadi et al. (2012) and Ahmad and AlHadidi (2014) , RAPD and ISSR by Abdullah and Gamal (2010) and Marsafari and Mehrab (2013) .
Utilization of chloroplast DNA in diversity analysis
The sequences of genes or fragments of chloroplast DNA in plants have been used successfully for fingerprinting to study diversity and to identify the species. Chloroplast DNA being smaller than nuclear and mitochondrial genome and highly conserved due to slow nucleotide substitution rate is useful for phylogenetic studies (Zurawski and Clegg, 1987) . Ribulose biphosphate carboxylase larger subunit has more variable sites than nuclear 18S rDNA to be used in phylogenetic studies (Nickrent and Sotis, 1995) . Unlike animals where only one gene encoding cytochrome oxidase 1 (CO1) is enough for phylogenetic studies, plants lack such a universal barcode. Phylogeny of Palms can be reliably estimated by the use of data of chloroplast genes like rbcL (ribulose biphosphate carboxylase larger subunit) and atpB (Hahn, 2002) . Consortium for Barcode of Life (CBOL) plant working group has suggested two locus barcode for plants comprising of matK+rbcL (maturase K+Ribulose biphosphate carboxylase larger subunit) on the basis of their sequence quality, recoverability and power of discrimination among the species. Ribulose biphosphase carboxylase larger subunit (rbcL) is a chloroplast gene of 1400bp in length encoding ribulose 1, 5 biphosphate carboxylase oxygenase. matK encodes maturase needed for photosynthetic like activities of the chloroplast. It is a 1500bp gene located within the trnk intron (Barthet and Hilu, 2007) . The resolution power of matK is better than other regions like rpoC, trnH-psbA, rbcL and atpF-atpH (Burgess et al., 2011) . Overall the informativeness of matK was found to be 2.6 times greater than that of atpB and rcbL (Hilu et al., 2014) . Chloroplast DNA sequence of rpoB and psbA-trnH can be used as molecular signature in date palm at seedling stage as there are 173 variable sites in the combined matrix of 1147 characters (Al-Qurainy et al., 2011) . matK alone or in combination with other genes has the potential to distinguish among the date palm cultivars (Enan and Ahmad, 2014) . Rps14 gene when used for the assessment of diversity in date palm cultivars from Pakistan showed very little genetic distance (0.001), low average evolutionary divergence (0.008) and low (0.007) nucleotide diversity (Akhtar et al., 2014) .
Microsatellite DNA markers
Simple Sequence Repeats (SSRs) are segments of repeated DNA sequence in higher eukaryotic genome. They can detect length variation with the help of Polymerase Chain Reaction (PCR) and may be used as highly informative genetic markers (Powell et al., 1996) . SSR markers are popular for the analysis of plant diversity because these are PCR based co-dominant markers which show high allelic diversity at different loci . Simple sequence repeats are abundantly present in the higher eukaryotic genomes and are highly polymorphic than other genetic markers. These are helpful in the identification of cultivars, analysis of pedigree, germplasm characterization and genetic mapping studies (Billote et al., 2004) .
Date palm diversity evaluation based on simple sequence repeat (SSR) markers
The first SSR markers published for date palm were constructed by Billotte et al. (2004) . This microsatellite library was rich in (GA)n repeats and characterized 16 SSR loci in date palm (Table 1) .
These markers have been widely used by many researchers across the date palm growing countries for the assessment of diversity and identification of the cultivars. Three loci i.e. mpdCIRO78, mpdCIRO85 and mpdCIRO25 were found to be polymorphic among 49 accessions of date palm cultivars from Tunisia (Zehdi et al., 2004) , while on the other hand, these markers were unable to confirm the genetic identity and true to typeness of 60 date palm accessions from Sudan (Elshibli and Korpelainen, 2008) , 45 cultivars from Pakistan (Faqir et al., 2016) , and 12 cultivars from Qatar (Elmeer and Mattat, 2015) . Ten SSR primers (mPdCIR010, mPdCIR016, mPdCIR025, mPdCIR032, mPdCIR035, mPdCIR044, mPdCIR070, mPdCIR085, mPdCIR090 and mPdCIR093) resulted in unique fingerprints for the important genotypes of date palm from Oman (AlRuqaishi et al., 2008) . These markers were used successfully for the genetic diversity analysis of date palm cultivars from Qatar (Ahmad and Al-Qaradawi, 2009). When used in combination with morphological and chemical markers, these microsatellite loci proved to be helpful in grouping of the cultivars (Elshibli and Korpelainen, 2009 , Hammadi et al., 2011 Bodianet al., 2012) . Akkak et al. (2009) isolated and screened forty one microsatellite loci from two libraries of Phoenix dactylifera L. They used a set of thirty one date palm cultivars for characterization and evaluation of seventeen screened markers. High polymorphism was measured in the studied samples. Most of these markers were also found to be helpful in phylogenetic studies of other species of phoenix. Hamweih et al. (2010) developed 1000 microsatellite markers through the date palm genome. They found dinucleotide repeats to be the most frequent (52442 motifs) type of microsatellite repeats with GA being the most common dinucleotide (48.7%) among them. They suggested their use in genetic study and diversity analysis of date palm. These markers when used assessed the genetic diversity of eleven date palm cultivars selected from different areas of Qatar , 45 cultivars from Pakistan (Faqir et al., 2016) and 30 cultivars from Iran (Khierallah et al. 2011 ) grouped the studied cultivars but identification of individual cultivar was still not possible. SSR markers are important for evaluation of taxonomy up to species level but sequence based phylogenetic analysis is needed to detect the sufficient level of variation (Pintaud et al., 2010) . They suggested that these markers can be used in genetic study and diversity analysis of date palm crop. These markers have been used for the assessment of genetic diversity of date palm cultivars in Qatar , Pakistan (Faqir et al., 2016) and Iran (Khierallah et al., 2011) . In all these studies SSR markers grouped the studied cultivars into different clusters but the identification of individual cultivars was still not possible. SSR markers are important for evaluation of a crop up to species level but for detection of variation at individual level, phylogenetic analysis based on sequencing data is needed (Pintaud et al., 2010) .
Arabnehzad et al. (2012) constructed two SSR enriched libraries comprising of (AG)n and (AAG)n repeat motifs and designed 25 primer pairs, 22 of which were able to differentiate among 16 date palm cultivars from Iran, Iraq and Africa. Cluster analysis successfully differentiated the African cultivars from Iraqi and Iranian date palms. Although an identification key has been developed for 101 accessions of date palm by Zehdi et al. (2012) using only five loci but those loci were not able to differentiate 45 cultivars grown in Pakistan (Faqir et al., 2016) . Raachi et al. (2014) genotyped 18 date palm cultivars from Libya using 16 SSR loci. The resulting 110 alleles showed a high polymorphism among the cultivars. They also developed a varietal identification key with the help of only three SSR loci identifying 23 alleles. Yusuf et al. (2015) used six SSR markers for investigating the diversity among 14 Nigerian and Saudi date palm cultivars. They were able to characterize the 14 cultivars with only two markers mpdCIR025 and mpdCIR050. They did not find any gender specific allele with SSR markers but the polymorphism detected among the studied cultivars was high (83.3%). Zhao et al. (2012) analysed EST sequences of date palm genome data base and identified 4,609 ESTs containing simple sequence repeats. They found that trinucleotide motifs were the most common (69.75%). The percentages of dinucleotide and tetra nucleotides were 9.6% and 10.4% respectively. They designed 4,697 primer pairs for EST-SSR markers from computational data. Twenty of primer pairs were randomly selected from the designed primers to check the polymorphism of twelve date palm cultivars. Thus showing that date palm EST sequences exhibit a good resource for developing gene based markers to be used for diversity study. They showed that gene based SSR markers can be developed from EST sequences for use in diversity study. Faqir et al. (2016) analysed genetic diversity among forty five date palm cultivars grown in Pakistan using forty six SSR primers developed by Billotte et al. (2004) and Akkak et al. (2009) . Only two primers mpdCIR025 and mpdCIR085 amplified polymorphic bands thus showing greater similarity in morphologically diverse cultivars of date palm. Maryam et al. (2016) used 12 SSR primers to assess 30 date palm samples including 8 males and 6 females. These primers also classified the studied date palm samples into male and female plants. Thus SSR markers used in this study were also found to be useful in sex discrimination of the date palm. Their study thus suggests the utility of SSR markers for sex determination in date palm cultivars. AlFaifi et al. (2016) developed 93 microsatellite markers and detected high genetic diversity among 32 date palm cultivars by the use of these markers. Al-Najm et al. (2017) used SSR markers developed by Billotte et al. (2004) and Akkak et al. (2009) for analysis of molecular diversity and population structure of 60 date palm cultivars grown in Australia. They found that Australian germplasm has huge diversity providing basis for date palm improvement, increase in production and conservation of genetic resources. Zhao et al. (2017) characterized 911 gene based SSRs for EST sequences in date palm that will provide foundation for development in diversity studies, QTL mapping and molecular breeding. Variation in these SSR markers will help in the development of markers associated with biochemical or physiological functions. Filho et al. (2017) has identified 1555726 microsatellites in date palm and oil palm that brings opportunity for development of molecular markers to be applied in breeding programs for selection of superior genotypes. Torres et al. (2017) reviewed the usefulness of 225 SSR markers for diversity study among the date palm cultivars and recommended a small subset of 19 SSR markers to be useful for further analysis.
Date palm diversity evaluation based on RAPD, AFLP and ISSR markers
RAPD markers are the first generation of molecular markers and have been used alone or in combination with other molecular markers for diversity analysis and cultivar identification in date palm (Al-Khalifa, 2006; Ibrahim and Amri, 2006; Rani et al., 2007; Marsafari and Mehrab, 2013; Mirbahar et al., 2014; Ahmad and AlHadidi, 2014; Yusuf et al., 2015) . Eissa et al. (2016) studied polymorphism among 9 date palm cultivars from Egypt using seventy seven morphological attributes, 9 RAPD-PCR markers and four ISSR markers and concluded that molecular markers have more discriminating powers among the varieties than morphological attributes. Yazal et al. (2017) used RAPD markers for identification and selection of male pollinators in date palm. Their study provide useful procedure for identification of date palm cultivars for effective use of male date palm for pollination. Their use is very simple and cost effective but being dominant in nature and less reproducible reduce their reliability (Semagn et al., 2006) . Although the use of RAPD markers is very simple and economical but these markers are dominant in nature and their results are less reproducible therefore these are less reliable (Semagn et al., 2006) . The AFLP markers have efficiently identified the studied date palm cultivars (Cao and Chao, 2002; Diaz et al., 2003) . AFLP is more effective in detecting high level of polymorphism (Sami et al., 2005) . Jubrael et al. (2005) used four AFLP markers namely P101(accg/M95(aaaa), P74(ggt)/M95(aaaa), P73(ggg/M95(aaaa) and P100(aacc)/M95(aaaa) and suggested that any combination of these four markers can successfully identify all the varieties. El Houmaizi et al. (2006) confirmed Medjool as a landrace variety of date palm in Morocco through genetic analysis using AFLP markers. Saker et al. (2006) assessed the genetic variation in tissue culture derived date palm offshoots using RAPD and AFLP methods. The genetic stability of the tissue culture derived dry date palm cultivars was confirmed by low genetic variation. Kheriallah et al. (2011) used AFLP for evaluation of genetic diversity among 18 date palm varieties from Iraq. They obtained 83 polymorphic AFLP fragments by the use of six primer combinations with an average of 13.8 polymorphic bands per primer pair. All the primer pairs helped in differentiation of date palm varieties showing the efficiency of AFLP technique for the assessment of genetic diversity in date palm. Their results also showed large genetic diversity among the studied date palm cultivars. Abdullah and Gamal (2010) applied three types of markers such as protein RAPD-PCR and ISSR on four important cultivars in Saudi Arabia i.e Med 3002b1, Sugaylb1, Halasb1 and Sukkari b. Inter varietal variation was investigated using five RAPD and five ISSR markers were also applied to assess the genetic polymorphism. Most of the cultivars had the narrow genetic diversity as already expected. The result of the analysis can be used for the selection of the possible parents to generate mapping population. AFLP proved to be more informative than the RAMPO method due to the greater number of markers per assay in AFLP with 0.7 PIC value and 50.54 marker index (Soumaya et al., 2011) . Inter varietal variation of these cultivars was also investigated using five RAPD and five ISSR markers. The studied cultivars had a narrow genetic diversity. This knowledge can help in the selection of parents for producing mapping population for further studies. AFLP markers are more informative than the RAMPO (Random Amplification Microsatellite Polymorphism) markers because AFLP markers can assess greater number of loci per assay as compared to RAMPO (Soumaya et al., 2011) .
AFLP markers have some merits over other marker. Firstly there is no need of genome sequence information. Secondly their results are reproducible and are thus reliable and thirdly these markers can analyse many polymorphic loci at once (Powel et al., 1996) there are certain demerits of AFLP markers like high cost of chemical (enzymes, ligators, adaptors, polyacrylamide gel and silver nitrate) use in their analysis and their dominant nature which make them unable to differentiate between homozygous and heterozygous individuals.
Ahmad and AlHadidi (2014) used eighteen ISSR markers for the evaluation of genetic diversity and relationship among fifteen cultivars from Qatar. They found that although the cultivars were different in their agronomic traits genetically they were interrelated. Hammadi et al. (2012) found that fruit consistency which is an important characteristic of date fruit has association with genetic markers because clustering based on fruit consistency is in accordance with clustering by microsatellite markers.
Date palm diversity evaluation based on single nucleotide polymorphism (SNPs)
SNPs are the third generation of molecular markers. SNPs are selected as markers when enough sequence information about the organism being investigated and the tools for the analysis of generated data is available (Bagali et al., 2010) . SNPs are more stable and have high conformity of inheritance as compared to other marker systems (Gupta et al., 2001) . SNP is the type of polymorphism that occur among DNA samples with respect to single base. These are single base pair positions in the genome where different alleles exists in normal individual of a population. In DNA molecule theoretically four possible nucleotides are involved, but actually only two of these four possibilities have been observed at a particular site in a population. Thus SNPs are largely biallelic, thus making them less informative but their abundance in the genomes overcomes this deficiency as more number of loci can be examined for polymorphism. Limited data is available on SNPs in plants because SNPs development requires huge cost. SNPs in the coding sequence may result in the morphological polymorphism or an association with some trait. Similarly SNPs present near the coding region can also be used in marker assisted selection (Jehan and Lankhanpaul, 2006) . SNP markers are the best for characterizing and conserving the gene bank material while for analysis of diversity and fingerprinting AFLP and SSR are suitable (Varshney et al., 2005) .
Date palm has a typical chloroplast genome with little rearrangement and gene loss or gain. High-throughput sequencing technology facilitates the identification of intravarietal variations in chloroplast genomes among different cultivars. The date palm chloroplast genome is 158,462bp in length. Seventy eight SNPs as major intravarietal polymorphisms were identified by Yang et al. (2010) after extracting 369,022 cp sequencing reads from their whole-genome-shotgun data by putting together an assembly and validating it with intensive PCR-based verification, coupled with PCR product sequencing. The first publicly available draft genome of date palm was assembled for Khalas variety of date palm by Al Dous et al. (2011) . More than 3.5 million polymorphic sites were identified by sequencing of eight other cultivars, including females of the Deglet Noor and Medjool varieties and their backcrossed males.
Genome wide duplication has occurred in date palm and chromosomal regions has low density of single nucleotide polymorphism and most of the genes for sugar metabolism and stress resistance are found in this region (AlMssalem et al., 2013) . Cultivar specific SNPs have been identified for eight date palm varieties by sequencing of mitochondrial and plastid genomes but the sequences of plastid and mitochondrial genomes were found to have low level of variation thus suggesting the use of nuclear SNPs for molecular characterization of date palm (Sabir et al., 2014) . Recently genomic regions having geographically segregating SNPs were also identified by genotyping 65000 SNPs data from leaves and fruits of seventy female date palm cultivars from all the growing regions (Mathew et al., 2015) .
Conclusions and future directions
Reproducibility, accuracy, codominance, high polymorphism and low cost are the characteristics of a good marker system. Although SSRs are commonly being used for most of the crops these days, there are some problems in their use like correct sizing of SSR bands because of the electrophoresis artefacts, unequal allele amplification by PCR and size homoplasy which means that the alleles are of equal size but they may not necessarily have the same sequence. Moreover null alleles may result if mutation occurs in the SSR primer binding site (Jones et al., 2007) . Another disadvantage of SSR markers is that if some mutation occurs in the primer binding site may result in a mutant copy of gene that would be lacking normal function of that gene (Jones et al., 2007) . Similarly if phylogenetic study is based on a single gene or marker such results may be deceptive because if horizontal gene transfer is involved then other genes may show different evolution rate (Patwardhan, 2014) .
SSR markers are important for evaluation of taxonomy up to species level but sequence based phylogenetic analysis is needed to detect the sufficient level of variation (Pintaud et al., 2010) .
Since the structure of basic biomolecules of all organisms is similar and morphological characters of an organism are the illustration of its genome, protein and transcriptome profile, the study of phylogeny based on morphological traits is as important as molecular based phylogenetic study. Thus the combination of the two methods gives strength to the phylogenetic relationship of the organism (Patwardhan et al., 2014) . Hence it is concluded that PCR based molecular markers have been successfully used for the genetic diversity analysis of the date palm cultivars and in some cases identification keys have also been developed for few cultivars, but recent disclosure of the date palm genome and advances in molecular biological techniques necessitate the development of a universal key of all the date palm cultivars based on the knowledge of the date palm genome sequence.
